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(57) Abstract 

.. ^.^""^ (^OS) in a paper-based value document (104) includes a plastic substrate coated with one or more regions 

of soft magnetic material. A device for verifying both die authenticity and the denomination of the document includes a coil (120) that is 
dnven by an alternating current to provide a unifomi magnetic field widiin a predetemiined spatial region. As die document (104) passes 
in proximity of the dnve coil (120), the applied magnetic field saturates the regions of magnetic material on the security tiuead (108). The 
magnetic regions provide a response magnetic field that is a non-linear response contaimng a component at the fundamental frequency and 
vanous haimonic ftequency components. A receive coil (124) senses die response magnetic field. A signal processor connected to the 
rw:eive coil (124) utilizes die response signals at die fundamental frequency and die haraionic frequencies to deteimme the denomination 
of tile document (104), . 
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VgRI FgR PEVICE FOR A MAGNETIC SRHTTRITY THREAD 

BACKGROUND OF THE TNVFNTTnN 

This invention relates to security threads for paper-based value documents such as 
currency and banknote papers, and more particularly to a device for sensing the security thread 
and for determining the authenticity and denomination of the document therefrom. 

There exists a number of different approaches m the prior art for verifying the 
authenticity of paper-based value documents, such as currency and banknote papers, bank 
checks, stock certificates, etc. These or other methods may also be used to verify a characteristic 
of the document, such as the denomination of the currency paper. In this way diffo-ent features 
of the same general class of documents may be identified. However, verifying the denomination 
of the currency paper may also be interpreted to be a verification of the authenticity of the 
document as well. 

All of the known verification approaches rely on the detection and/or 
measurement of specific physical properties or patterns associated with the documents. Usually, 
the feature to be detected is deliberately added to the document during document manu&cture as 
part of a document recognition system or an anti-counterfeit document verification system. The 
device used to ascertain the ^e of security feature added to the document, as well as to 
distmguish between various characteristics of the document (as mdicated by certain features 
designed into the type of security feature), is usually designed in conjunction with the physical 
characteristics of the security feature. This is to provide optimum fimctionality in document 
verification. 

Conamon approaches mchide the usage of niagnetic printed at predet 
locations and in predetennined patterns on a surface of the paper. Another approach is to embed 
mto the currency paper, either partially or entirely, a plastic security tihread substrate coated with 
predetennined patterns of conductive and/or magnetic materials. The detector is then designed to 
sense the type of material and, to a limited extent, the spatial distribution of the material on the 
thread substrate. 

More specifically, prior uses of magnetic materials in the field of document 
security have strictiy involved relatively "hard" (i.e., high magnetic coercivity) magnetic materials. 
The magnetic material may be formed as part of the ink printed on a surface of the document. 
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may be introduced into the surface of the document in some other form, or may be coated on the 
plastic substrate of a security thread embedded in the document 

Detection of these relatively hard magnetic materials (and, thus, verification of the 
authenticity of the document and/or some characteristic thereof) is typically carried out by 
exposing the material to a magnetic field and then detecting the remanent magnetization. The 
magnetic field may be applied to the magnetic material either at the time of document 
manufacture, or by the detection system itself just prior to "readmg" or sensing the remanent 
magnetization; e.g., during a commercial sales transaction or during bank sorting of the currency 
paper. Examples of relatively hard magnetic materials utilized in the aforementioned applications 
include magnetic powders, such as ferrites, or thin sheets or ribbons of crystalline magnetic 
material, such as nickel. (See U.S. Pat. 4183989.) Patterns of magnetization may be writteo^to. 
the materials, and the patterns can be read with reading heads. The reading heads are capable of 
reading either direct current (b.C.) magnetization (e.g., Hall-eflFect sensing), or may utilize a 
time-vaiying magnetic field generated by movement of the bill past the read head. In eith^ case, 
only the net remanent magnetization is measured. This approach requires use of high-strength 
magnetic fields for pre-magnetization and sensitive read heads for detection. A limitation is that 
detection of the magnetic material must take place at close proximity (much less than 1 millimeter 
spacing between the read head and the magnetic material): Examples of this "hard" magnetic 
material approach to document verification are given in EP 0295229, WO 92/08226, EP 
0319524, EP 0204574, EP 0428779, WO 91/04549, GB 2130414, WO 91/10902, EP 0413534 
and U.S. Pat. 3870629. 

In contrast to "hard" magnetic materials and their usage in document security, it is 
known to use rdatively "soft" magnetic materials fte., low magnetic coCTcivity) in the field of 
electronic article surveillance (e.g., anti-theft detection of items in a retail store environmcEi). 
Compared to hard ma^etic materials, the- soft magnetic materials are eaj»ly magnetizable fi'om a 
distance by a relatively weak applied magnetic field. A typical application includes the retail 
article having a "tag" or "marker" comprised of the soft (e.g., ferromagnetic) material attached 
thereto. If the article is legitimately purchased, the clerk at the retail store either removes the 
article or causes a change in the marker's magnetic characteristics. However, if the article is 
attempted to be stolen, an interrogating magnetic field applied to the exit area of the retail store 
strikes the marker, which then gives off or emits characteristic, recognizable signals. These 
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signals may be utilized to sound an alarm to alert store personnel as to the attempted occurrence 
of a theft. 

These prior art surveillance applications have involved the detection of a tagged 
object at essmtially imconstrained position or orientation within a relatively large votome of 
space. A soft magnetic material comprising the marker is of high magnetic permeability; thus, it 
is easily saturated by a time-varying alternating current (A.C.) applied magnetic field. The 
saturated magnetic material yields non-linear response magnetic fields containing harmonic 
fi-equencies of the applied field frequency. 

A problem with the known electronic surveillance systems arises due to the 
requirement that it interrogate a large space. Common magnetic objects, such as keys, difier 
from the magnetic markers in that they have a lower magnetic pwrneability. Thus, the common 
objects emit relatively fewer harmonic signals (at lower frequencies) than a high permeability 
object does. Therefore, to properly distinguish high permrability, soft magnetic material (the 
article marker) firom low permeability, soft magnetic mataial (the house key), high^ order 
harmonics must be sensed and processed by the electronic article surveillance system. However, 
a probloi is that much less »gnal energy is inherentiy present m higher-order harmonics than in 
lower-order harmonics. Thus, the detection system necessarily tends to be relatively complex. 

Additionally, to achieve a nmltiplidty of distincdy recognizable objects, a limited 
number of electronic article surveillance systems incorporate several discrete magnetic elements. 
Each element yields a slightiy different response to the relatively uniform (spatially) mterrogation 
and reading fields of the detector system. In this way, whra a quasi-imiform interrogation field is 
applied to a tag or marker, the multiplicity of characteristics of tiie response magnetic field can 'be 
decoded to indicate tag identity. The separable characteristic can be identified as frequency, or as 
magnetic intensity switch-on threshold. No known attempt has been made in the prior art to gain 
spatially-resolved data from the anti-theft features by high resolution "reading" metiiods. This is 
because anti-theft applications require a detector coil of characteristic dimensions nmch larger 
tiian the size of the recognized feature Ci.e., the tag). 

Examples of prior art electronic article surveillance systems and its components 
are described and illustrated in EP 0295028, WO 88/09979, EP 061 1 164, EP 0352513, French 
Patent Specification 763681, and U.S. Pats. 3665449, 3747086, 3790945, 3292080, 4074249 
and 5005001. 
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Accordingly, it is a primary object of the present invention to verify the 
authenticity and/or denomination of a paper-based value document, such as currency or banknote 
paper, having an embedded security thread with magnetic features. 

It is a.general object of the present invention to interrogate the security thread 
with the magnetic field signal and to determine the authenticity and/or denomination of the paper 
from the magnetic response signal emitted from the thread. 

It is another object of the present invention to provide a security thread with one 
or more regions of "soft" magnetic material, the thread typically being iembedded entirely in a 
p^CT-based value document, and to provide a device that both verifies that the magnetic thread 
material is of a predetermined ^e and senses the spatial distribution of the magnetic material to 
determine a cluuacteristic, such as the detianuMtion, 

It is another object of the present mvention to provide a non-contact verifier 
device for sensing the type and distribution of magnetic material on a security thread utilizing an 
interrogating magnetic field. 

It is yet another object of the present invention to impose an alternating current 
magnetic fidd from a non-contacting source onto a security thread coated with soft magnetic 
material in predetennined pattCTis, and to sense the magnetic fiield re-emitted 

thread and detennine, from the sensed fidd, one or more characteristics of a document ^m 
the securi^ thread is embedded. 

The above and other objects and advantages of this mvention will become more 
readily apparent when the following description is read in coiyunction with the accompanying 
drawings. 

SUMMARY OF THE IISA^ENTT^^ 
To overcome the defidendes of the prior art and to achieve the objects listed 
above, the Applicants have invented a device for verifying both the authentidty and denomination 
of currency paper haying a security thread with magnetic materials integrally formed therewith. 
Preferably, the security thread comprises a thin rectangular plastic substrate embedded entirely 
within the paper. One or both opposing surfaces of the substrate may have a soft (i.e., easily 
magnetizable) magnetic material disposed thereon in predetermined spatial distribution patterns 
indicative of; e.g., denomination of the currency paper. The different denominations of currency 
paper may be mdicated by different spatial distribution patterns of the magnetic material. 
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According to a first aspect of the present invention, the type of soft magnetic 
material used with the security thread is determined by passing the currency paper with the 
security thread embedded therein in non-contacting proximity to a wire coil that is connected 
with an alternating current signal at a predetermined fi'equency. The drive coil creates an 
alternating current magnetic drive field that, because of the drive coil size and position, is highly 
uniform. The field strength of the drive magnetic field is sufficient to saturate the magnetic 
material on the security thread. The response magnetic field generated by the magnetic material 
is non-linear, resulting in the inclusion of harmonic firequency components, A sensing coil detects 
the response magnetic field and converts the various fi'equency components to electrical signals. 
These signals are demodulated and the in-phase and quadrature (i.e., 90** phase shift) amplitude 
components of both the linear or fimdamental signal (i.e., thecomponent^f the response signal at 
the same fi-equency of the drive signal), and the third harmonic of the fimdamental signal are 
examined to detennine the type of material. For example, for certain types of soft magnetic 
materials imder particular conditions of magnetic excitation, it is known that the amplitude of the 
third harmonic signal must be above a certam threshold, while at the same time the amplitude of 
the fimdamental signal must be below a certain, yet different, threshold level. Also, the ratio of 
the amplitude of the thgd harmonic and the fimdamental nnTSt He m « t^rt^in runge. The 
thresholds and range are known and are unique to each different type of soft magnetic material. 

According to a second aspect of the present invention, the sensing coil utilized in 
the first aspect of the present invention is in non-imiform spatial orientation (i.e., highly localized) 
with respect to the thread. Such high degree of localization is achieved by requiring at least one 
dimension of the coil to be much smaller than the overall length of the security thread, and 
preferably smaller than the length of the smallest magnetic thread region. The magnetic drive 
field is applied at preferably a 45 ^ angle with respect to tiie height dimension of the security 
thread ([.e., if any characters are formed in the magnetic material on the security thread, the drive 
field is at a 45 angle with respect thereto). This angular orientation preferably allows only one 
magnetic material region on the security thread to be interrogated at a time. This provides for 
proper resohition for sensing the spatial distribution of the magnetic material regions on the 
security thread, thereby allowing for a determination of the denommation of the currency paper. 

In a similar maimer to the first aspect of the present invention, the resulting 
magnetic field signals re-emitted firom the security thread are broken up into the fimdamental and 
third harmonic components, and both the in-phase and quadrature components are examined by a 
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signal processor to detennine denomination. One method for determining denomination is to 
compare a resulting signal indicative of the sensed spatial distribution of magnetic material on the 
security thread to a plurality of signals stored in memory that are indicative of various valid 
denomination spatial distribution patterns. 

BRIEF DESCRIPTION OF THF A WTMr,,<^ 
FIG. 1 is a perspective view of a security thread having ma^etic material 
associated therewith and arranged as a security feature within a paper-based value document; 

FIG. 2 is a perq>ectiw view of an ahemative embodimwit of the security thread of 

HG. 1; 

Flfr. .3 is a plan view of another akemative embodiment of the security thread of 

FIGS. Iand2; 

FIG. 4 is a perspective view of a drive coil and a receive coil arranged on a ferrite 
core, together with a currency paper containing the security thread of nOS. 1-3 and passing in 
proximity to the drive and receive coil arrangement; 

FIG. 5 is a top view of the arrangement of the drive and recove coils of FIG. 4; 

FIG. 6 is an end view of the arrangement of the drive and receive coils of FIGS. 4- 

FIG. 7 is an ahonative airangement of a drive coil and a receive coil; 

FIG. 8 is a schematic blodc diagram of electronic drcuitry connected with both 
the drive coil and the receive coil of FIGS . 4-7; and 

FIG. 9 is a more detailed schematic diagram of one of the block diagram 
componaits of FIG. 8. 

PETAn,EP DRSCRTPTTON OF THR PRKKPRRPn B M BODIMENTS 

Referring to the drawings in detail, a device for verifying the authenticity and/or a 
characteristic (e.g., denomination) of a paper-based value document is iUustrated therein and 
generally designated the reference numeral 100. The device 100 is for use with a document 
104, such as currency or banknote paper, that incorporates a security feature in the form of a 
security thread 1 08. The thread 1 08 comprises a plastic substrate 1 1 2 embedded entirely witiiin 
the paper 104. On one surfiice of the substrate 1 12 is deposited soft magnetic material 1 16 in 
predetermined patterns. In operation, the document 104 with the security thread 108 thwein is 
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passed in proximity to a wire coil 120 that has applied thereto an alternating cuirent to thereby 
create a magnetic field in a predetennined region surrounding the drive coil 120. Disposed in 
proximity to the drive coil is a receive coil 124 that is connected to processing electronic circuitry 
128. As the document 104 with the security thread 108 is passed in proximity to the drive coil 
120, the applied magnetic field saturates the soft magnetic material 1 1 6 on the security thread 
substrate 1 12. The magnetic material on the security thread substrate re-emits a non-linear 
response field containmg various fi-equency components, one fi-equency component being at the 
same fi-equency as the appUed magnetic field, other fi-equency components being harmonic 
multiples of the fi-equency of the applied magnetic field. The receive coil 124 senses the various 
frequencies of the response magnetic field and provides corresponding electrical signals. These 
electrical signals are processed by the dectranic circuitry 128 in a predetermined manner to - 
ultimately determine both the type of magnetic material 1 16 and the spatial distribution of the 
magnetic material 116. In this way, the device 100 can verify the authenticity of the document 
104 and also detonune a characteristic, such as denomination, of the document. 

Refening to nOS. 1-3, in a prefen-ed embodiment the security th^ 
comprises a plastic substrate 1 12i having at least one security feature that employs a soft magnetic 
metal located on at least one surface of the substrate. However, it is to be understood that this 
preferred embodiment of the security thread is strirtly exemplary. Instead, the security feature 
associated with the document may comprise, if desired, a planchette or platelet, or the like. 
Regardless of the actual type of security feature chosen, a common characteristic of each feature 
is the type and spatial distribution of magnetic material 1 16. In the case of a security thread 108, 
tiie plastic substrate 1 12 merely comprises tiie "vehicle" for carrying the magnetic material 116. 

Preferred msbodiments of the security thread 108 comprise a plastic substt^te 1 12 
having two security features: a first security future comprising aii optional^ repeating pattern 
132 of soft magnetic metal; a second security feature comprising magnetic and/or non-magnetic 
metal-formed indicia 136. The optionally repeating pattern 132 of the first security feature 
comprises at least one soft magnetic metal region 140, and at least one partitioning region 144, 
where such regions ^e optionally in alternating sequence in a pattern 132 which extends along 
the length of the plastic substrate 1 12. Partitioning region(s) 144 allow the metal regions 140 to 
act quasi-independentiy firom each other magnetically when the security thread 108 is subject to a 
magnetic field interrogation scheme, described in detail hereinafter in accordance with the device 
100 of the present mventioa That is, the detectable characteristics of the partitioning region, if 
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any, do not interfere with the detectable difiference of the signals generated by the metal regions 
140. 

The magnetic metal materials 1 1 6 contemplated for use with the security thread 
108 are soft magnetic metals having low coercivities of less than about 5000 amperes/meter 
(A/m), when measured by an alternating current magnetometer at frequencies of from about 10 
kilohertz (kHz) to about 100 kHz. Preferred soft magnetic metals have coercivities of between 
about 50 A/m and about 5000 A/m, and more preferably between about 100 A/m and about 2000 
A/m. These prefmed soft magnetic metals demonstrate toughness and realience to mechanical 
deformation. They also have a high intrinsic relative permeability of from about 200 to about 
100,000. The metals saturate at low magnetic fields of below about 10,000 A/m, and have a 
degree of magnetic-non-linearity that is suflBeicatly high to give measurable harmonic signals 
during mid-range (i.e., 1 to 2 mm) examination of magnetic properties with an unposed magnetic 
field. 

Preferred soft magnetic metals include amorphous metal glass materials such as 
amorphous alloy soft magnetic metals, includmg cobalt/iron based alloys, iron/nickel based alloys 
and cobalt/nickel based alloys. Suitable cobalt/iron based alloys are available from 
Vacuumschmelze GmbH, Postfech 2253, D-63412, Hanau, Germany under the trade 
designations: Vacuumschmelze 6025 (66% cobalt (Co), 4% iron (Fe), 2% molybdenum (Mo), 
16% silicon (Si) and 12% boron (B)); Vacuumschmelze 6030 (similar to Vacuumschmelze 6025, 
around 70% Co, minor constituents unknown); and Vacuumschmelze 6006 (46% Co, 26% Ni, 
4% Fe, 16% Si and 8% B). Suitable u"on/nickel based alloy compositions are available from 
Allied-Signal, Inc., Parsippany, NJ 07054, under the trade designations: Allied Metglas 2714 
and 2704. Such materials give an amoiphous structure under certain depoisition conditions. 

The magnetic metal contemplated for use with the second security feature of the 
security thread is not restricted and mdudes both soft and hard magnetic metals. The non- 
magnetic metals contemplated for use on the thread include aluminum, nickel, and ^ver, with the 
preferred metal being aluminum. 

In FIG. 1, the pattern 132 of the security thread 108 comprises a magnetic metal 
region 140 and an adjacent partitionmg region 144, with both regions adopting a rectangular 
configuration. The metal-formed indicia 136 are located in both the magnetic metal region 140 as 
magnetic metal-formed indicia, and in the partitioning region 144 ais metal indicia. In FIG. 2, the 
pattern 132 comprises three magnetic metal regions 140 of increasing tiiicknesses to provide 
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regions of differing magnetic intensities, and corresponding partitioning regions 144 therebetween 
that adopt the configuration of a dollar sign. The partitioning regions 144 are located in and 
between each magnetic metal region 140. In other words, the metal-fornied indicia that adopt the 
configuration of a dollar sign are co-extensive with partitioning regions 144 and serve to . . 
5 completely separate (m FIG. 2) the metal regions 140: The term co-extensive, as used herein, 
means that the subject regions 140, 144 and.indicia have the same spatial boundaries. 

In FIG. 3, the magnetic metal r^ons 140 of the first security feature and the 
second security feature are co-extensive. For sample, the metal-formed indida of the second 
security feature are magnetic metal indicia that form the magnetic metal region(s) of the first 
10 security feature. 

The plastic substrate 112 may be nianufactoredfi-omaEy-dcar or tramhic - 

material, that is preferably non-magnetic and non-conductive. Such materials include polyester, 
regenerated cellulose, polyvinyl chloride, and other plastic fiihn, with the preferred material being 
polyester. These fihns remain intact during the pape rmalring pmeegs and prrferaWy hav^ a vjj^th 

IS ranging fi-om about 0.5 millimeters (mm) to about 3.0 mnt 

As desoibed herdnbefore, tihe optionally repeating pattern 132 of the first security 
feature comprises at least one soft magnietic metal region 140 and at least one partitioning region 
144, optionally in aheniating sequence in a pattern 132 which extends along a portion or all of 
the length of the plastic substrate 1 12. Other contemplated sequences include bloda of a 

20 plurality of magnetic metal regions 140 employing various amounts of magnetic metal and 
separated by partitioning regions 144. Each metal region 140 comprises varying amounts of 
magnetic metal nmterial. Where the partitioning regions 144 serve to allow the metal regions 140 
to act quasi-independentiy firom each other magnetically, the partitioning regions 144 may take 
the fonn of a magnetic metal-fi^ee region or nmy take the fonn of a region having r^^ 

25 magnetic metal content or sur&ce coverage as compared to the magnetic metal regions 140. The 
magnetic metal region(s) 140 and the partitioning region(s) 144 can adopt any shape or 
configuration. 

Where the shape (e^g., size and tMckness) of the magnetic metd regions determine 
the magnetic response therefi-om both through the influence of shape-determined permeability 
30 effects and through the influence of thickness on magnetic coercivity, it is preferred that each 
magnetic metal region 140 have a thickness ranging fi'om about 0.01 to about 10 microns, and 
more preferably have a thickness of fi-om about 0.10 to about 0.50 microns. It is also preferred 
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that each magnetic metal region 140 have a length along the lateral edge of the plastic substrate 
1 12 ranging from about 0.1 mm to about 5 mm The magnetic metal regions 140 adopting the 
above-referenced dimenaons should render relative shape-determined magnetic penneability 
values in a preferred range of 200 to 10,000. Such high penneability enables the magnetic metal 
to be saturated easily in weak magnetic fields. Moreover, saturation that occurs at particular 
fields provide a further basis for authentication. 

The second security feature of tibe thread 108 can be a separate and/or co- 
extensive public security featui-e and comprises magnetic and/or non-magnetic metal-formed 
indicia 136, such as metal characters or clear characters defined by metal boundaries. In 
particular, magnetic metal-formed indicia or clear characters can form a part of each magnetic 
^ metal region 140 and partitionmg region 144, and/or can form partitioning region(s) 144. On the 
other hand, magnetic metal indicia or magnetic metal dharacters 136 can form the magnetic metal 
region(s) 140 and/or a part of each partitioning region 144, Also, non-magnetic metal indida or 
non-magnetic metal-fonned indicia 136 can form a part of partitioning r^on(s) 144. In a 
preferred embodimrat, where the security thread 108 is embedded in a security paper 104, the 
indicia 136 create a term or phrase that is not readily discemable in reflective illumination, but 
which becomes legible to the viewing public in transmitted illumination. The device 100 of the 
present invention, described in detail hereinafter, verifies only the first security feature (i.e., the 
inagnetic metal regions) and not the second security feature (i.e., the indicia). 

The first and second security features may be fonned by depositing magnetic metal 
material 1 16 on the plastic substrate 1 12 by any one of a number of metiiods inchiding, but not 
limited to, metiiods involving selective metallization by electrodeposition, dkectfy hot stamping 
onto the substrate or udng a mask or template in a vacuum metallizer, and metiiods invohoiig 
metallization followed by selective demetallization by chemical etching, laser ablation and the 
"like. 

Methods involving metallization followed by selective demetallization are 
preferred. Contemplated metallization or deposition techniques include sputtering, e.g., planar 
magnetron sputtering, electron be^ or thermal evajporation/sublimation, and electrolytic 
chemical deposition in addition to organometallic yapor pyrblysis. A preferred metallization or 
deposition technique is sputtering. 

Sputtering is a physical vapor deposition process that is carried out in a vacuum 
chamber, in which ions of gas (e.g„ argon), are accelerated across a difference in electrical 
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potential with suflScient force to eject atoms from a target. The ejected atoms travel through a 
partial vacuum until they collide with a surface (e.g., plastic substrate 1 12) on which they can 
condense to form a coating. It is contemplated that the target used in the sputtering process 
(e.g., an alloy capable of forming an amorphous metal glass) be prepared by plasma spraying from 
a mdt and that the deposited material not be annealed after deposition. 

Contemplated selective demetallization techniques are techniques where deposited 
material is selectively removed from a target surface. As set forth above, these tediniques 
include chemical etching and laser ablation etching. Also included are abrasion and lift-o£f 
techniques. Lift-off techniques contemphte the sdective removal of dq)ositednmteri^ 
selective adhesive application followed by removal of the adhesive on a carrier. Chemical etchmg 
and laser.ablation techniques are preferred. ' 

Chemical etching can be carried out by selective printing of a resist followed by 
chemical etching using an appropriate etchant such as ferric chloride or a hydrofluoric acid/nitric 
acidmbc. 

To achieve the magnetic metal regions 140 of varying thicknesses as ^own in 
FIG. 2, etching; techniques that only partially remove the original thickness of the deposited metal 
may be employed in conjunction with techniques that serve to etch to the full depth of the 
deposited metal layer(s). 

I^er ablation etching can be earned out at reduced laser power, v^ere the soft 
maignetic metal of the present invention, when heated to temperatures of about 350** to 400°C, 
crystallizes out of the amorphous state. The resulting morphological disruption typically causes 
the material to flake and crumble. Accordingly, power requirements are reduced when compared 
to requirements inherent in the laser etching of vacuum-deposited aluminum. 

In addition to the above^ it is also possible to use convention^ thennd conta^ 
print heads, which achieve tenq)eratunBS of about SSO^'C to about 450*C and resohitions of up to 
about 300 dots per indi (dpi), to drive recrystallization of the subject material and thereby effect 
material removal or etching. 

The security thread 108 may include additional layers or coatings beyond the 
magnetic metal. Contemplated additional layers or coatings include plastic protective outer layers 
that render the thread less susceptible to chemical attacks, and reflective metal layers and 
camouflage coatings that render the thread less apparent under reflective illumination when the 
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thread is embedded in security papers such as banknotes. Also included are adhesive layers that 
facilitate the incorporation of the thread into or onto security documents. 

Once a composite sheet, containing security features, is prepared as detailed 
above, the sheet can be slit into security threads using conventional techniques or divided into a 
large number of planchettes by a suitable die crutting operation. 

The seicurity thread 108 may be introduced into security papers 104, such as 
banknotes, during the manufecture thereof. For example, if the security thread 108 is in the fonn 
of a planchette, it may be pressed (optionally with the aid of an adhesive) onto the surface of a 
partially consolidated paper web, resulting in the surface mounting of such planchettes. On the 
other hand, the security feature m the form of a security thread 108 comprising substrate 112 
coated with magnetic material 1 1 6 may be incoTporaJted withia wet paper fibers while the fibers 
are unconsolidated and pliable, as taught by U.S. Pat 4534398. This results in the thread 108 
being totally embedded in the paper. The thread 108 may also be fed into a cylinder mold 
papennaking machine, cylinder vat machine, or similar machine of known type, resulting in partial 
embeddment of thread 108 within the body of the finished p^er (l.e., paper with a windowed 
thread). In addition, the thrrad 108 may be mounted on the surface of security papers either 
during or post manufacture. 

Referring now to FIG. 4, there illustrated is the currency or banknote paper 104 
with the security thread 108 embedded entirely therein, passing in proximity to a drive coil 120 
and a receive or detector coil 124 (typically no greater than ten (10) millimeters fi-om the receive 
coil 124 and, if possible, also the drive coil 120). The arrowhead 148 m FIG. 4 indicates that the 
currency paper 104 is being scanned in a "narrow-edge" direction with respect to the long 
dimension of the coils 120, 124 (that is, the shorter edge 152 of the paper 104 is the leading edge 
in the direction of scanning). The security thread 108 is embedded within the document 104 such 
that the height dimension of the indida 136 is coaxial vrith the feed direction of the paper. 

The drive coil 120 comprises a first coil of wire wound aroimd a soft-magnetic 
sintered ferrite core 156; The receive coil 124 is embedded within a piece 160 of insulative 
material (FIG. 6) and comprises a single coil (i.e., a single winding) of wire. FIGS. 4-6 illustrate 
the spatial positioning of the two coils 120, 124 with respect to ferrite core 156. 

Use of a ferrite core 156 m conjunction with the drive coil 120 allows the applied 
magnetic field generated by the drive coil to be "launched" at predetermined spatial positions that 
give good uniformity and strength for the applied magnetic field. The ferrite core 156 also allows 
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the applied magnetic field to be accomplished using relatively smaller electrical currents than 
those required for air-core coils. Thus, for batteiy-operated devices, there is a lower power 
consumption. Also, the use of a ferrite core 156 allows the drive coil windings to be kept away 
fi-om the area of the interrogating or applied magnetic field (more specifically, kept away fi"om the 
receive coil windings). This enables a reduction of stray capacitiye coupling between the drive 
and receive electrical circuits described hereinafter. Also, capacitive coupling is reduced if the 
mmiber of windings in the receive coil 124 is kept relatively low. The preferred embodiment 
utilizes only a angle coil winding. Alternatively, more than one receive coil 124 may be utilized. 

The drive coil 120 and receive coil 124 arrangement of FIGS. 4-6 is illustrated as 
being disposed on only one side of the proffered currency papa- 104. It should be understood 
that this arrangement is purely exemplary. Single-sided application and detection may be - • 
necessary where ergonomic or feed-constraint or space-constraint considerations override the 
potential advantages of a double-sided arrangement of coils 120, 124. Instead, a double-sided ' 
arrangement may be utilized wherein both the drive and receive coils may be disposed on both 
^des (i.e., the two opposite sides of the currency paper). A double-sided coil arrangement 
generally places greater separation between the drive and receive coils 120, 124, therelqr 
minimizing stray capadtive couplmg of the magnetic fields. Also, a double-sided coil 
arrangement generally yields a resulting magnetic field strength firom the response magnetic field 
generated by the magnetic metal regions 140 of the security thread 108 that is less sensitive to the 
spatial positioning of the document 1 04 within the gap between the receive coil 1 24. 
Alternatively, the drive coil 120 may be located on one side of the paper 104, while the receive 
coil 124 may be located on the other side of the paper. 

Also, FIGS. 4-6 illustrate the drive/receive coil arrangement as being disposed at 
an angle of, e.g., 45 with respect to the long dimension of the security thread withm the 
currency paper. Again, this is purely exemplary. Such an angular relationship allows the security 
thread 108 to have each of its magnetic regions 140 interrogated one at a time by the 
drive/receive coil arrangement. However, this 45 " angular relationship also allows the applied 
magnetic field to be oriented in a partially perpendicular direction to the thread. 

Referring now to FIG. 7, there illustrated is a double-sided, air-core arrangement 
of the drive and receive coils 120, 124. This arrangement provides a highly uniform applied 
magnetic field to the security thread 108 of the proflFered currency paper 104. In general, the 
strength and direction of the applied noagnetic field has a strong influence on the relative 
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amplitudes of any resulting harmonic signals within the response magnetic field generated by the 
magnetic regions 140 of the security thread 108. Thus, the applied magnetic field is generally 
required to be relatively uniform across any spatial position in which the currency paper 104 may 
be positioned. For example, the applied magnetic field should be relatively uniform across any 
detection head gap in which the currency paper may experience some flutter due to the mechanics 
of the transport device (not shown) utilized to move the currency paper relative to the drive and 
receive coils 120, 124. Further, as can be seen fi-om FIG. 7, the major planes of the drive and 
receive coils 120, 124 are at right angles. This eliminates any direct coupling of magnetic fields 
between the coils. 

The arrowhead 164 in FIG. 7 illustrates the direction of travel of the currency 
, . Hapfir.-with respect to the coils 120, 124. Although not shown m FIG. 7. m an exemplary 
embodunent the currency paper 104 is directed with respect to the coils 120, 124 such that the 
wide dimension or edge 168 of the paper (FIG. 4) is the leading dimension of travel. Also, 
although not shown in FIG. 7, the security thread 108 is oriented at a 45° angle with respea to 
the long dimension of the drive and receive coils 120, 124. This is for Ae same reasons as given 
hereinbefore with respect to the fenite core 156 and coil arrangemmt. Further, and most 
importantly with respect to reading the spatial distribution of the magnetic re^ons 140 of the 
security thread 108, the narrow dimension of the receive coil 124 of FIG. 7 0.e., the distance 
between the two parallel wire portions of either the upper or lower part of the single-tum recdve 
coil) is shorter than the shortest length of any magnetic region 140 of the security thread 108. 
This allows mdividual and discrete magnetic field signals to be acquired fi-om the receive coil, 
wherem each acquired signal contains information on some magnetic characteristic of only one 
corresponding magnetic metal region 140. The resulting information is utilized m determinmg a 
specific characteristic of the document 104 as indicated by the spatial distribution of the magnetic 
regions 140 on the security thread substrate 1 12. For example, when the document 104 is a 
currency or banknote paper, the characteristic determined is denomination. Denomination 
determmation is desicribed in more detail hereinafter. 

Referring now to FIG. 8, there illustrated is a schematic block diagram of 
electronic circuitry 128 that interfaces with the various drive/receive coil arrangements 
contemplated, some of which are described hereinbefore m FIGS. 4-7. Both the drive coil 120 
and the receive coil 124 have corresponding hnpedance-matching transformers 172, 176 that 
reduce the effects of capacitive couplmg relative to inductive coupling. Also, the unpedance 
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matching transfonner 1 72 used in conjunction with the drive coil 120 can reduce the voltage fed 
to the drive coil. Further, although not shown, the receive coil 120 may have a capacitor 
connected in conjunction therewith in order to create a resonant circuit. The use of the resonant 
circuit improves the signal-to-noise ratio and ratio of tuned-frequency to non-tuned frequency 
rejection in the detection of this single hannonic frequency. However, if the electronic circuitry 
128 is utilized to detect more than one hannonic frequency, the resonant circuit is less applicable 
and the capadtor is generally not utilized. 

The electronic circuitry 128 also inchides a frequency synthesizer 1 80 that 
gmerates various signals at certain frequencies. The frequency synthesizer 1 80 provides a pair of 
alternating current (AC) signals on a signal bus 184 to a switching and buffer amplifier stage 188. 
The frequency syntheazer- 180 may comprise individual components arranged in a well-known 
manner to generate the signals provided to the amplifier 188. On the other hand, frequency 
synthesizer 180 may, if desired, comprise a digital application specific integrated circuit (ASIC). 

The two drive signals provided by the frequency synthesizer 1 80 are described in 
detail hereinafter. These two signals are amplified in the amplifier stage 1 88 and fed to an 
isolation transfonner 192 and then to a filter and tuning block 196. The filter may comprise a LC 
band pass filt^ that allows only frequendes within a certain range to be fed to the impedance 
nmtchtng transfonner 172 and then to the drive coil 120 in order to reduce the amount of 
harmonics in the signal waveform fed to the drive coil 120. 

The frequency synthesizer also provides a plurality of signals on a signal bus 200 
to a synchronous detector stage 204. The synchronous detector stage 204, illustrated in greater 
detail in FIG. 9, contains a plurality (e.g., 4) of identical signal mixers 208 and 4-pole low-pass 
active filters 212. Each mixer nmy comprise the Model DG4 11, commercial^ available. In an 
ex^plary embodhnent, the frequency synthesize 1 80 provides a first signal on the bus 200 that 
is an AC signal at a frequency of 40 kHz. A second sigrml on the bus 200 is also at the frequency 
of 40 kHz, but is phase-shifted 90 (i.e., is in a "quadrature" phase relationship) with respect to 
the "fiindamental"in-phaseagnal provided to the fia« mixer Thefrequency synthesizer 180 
also provides a agnal at 120 kHz that has the same phase relationship as the fimdamental signal. 
This third signal is at a frequency that is three times that of the fimdamental signal, and is also "in- 
phase" witii the 40 kHz fimdamental signal. Finally, the frequency synthesizer 180 provides the 
fourth signal that is also at 120 kHz, and is m a quadrature phase relationship to the 120 kHz "in- 
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phase" signal. These four signals from the frequency synthesizer 180 on the bus 200 are provided 
to corresponding mixer 208 and filter 212 stages within the synchronous detector 204. 

Also provided to each mixer 208 as a separate input is a corresponding signal on a 
signal bus 2 1 6 connected with a pluraUty of corresponding low noise amplifiers 220. Each * 
amplifier may comprise the Model AD826, commercially available. Also included within the low 
noise amplifier stage 220 are corresponding high unpedance low noise amplifiers, which eacH may 
comprise the Model AD797. Connected to the input of these amplifiers 220 are the signals from 
the receive coil 124 passed through the corresponding impedance matchmg transformer 176. 

Each mixer 208 within the ^dironous detector 204 is operable to extract the 
signal information magnetically sensed by the receive coil 124 from the frequency of the applied 
signal to the drive coil J 20 usmg a known demodulation scheme. .The individual outputs from the. 
four mixer stages 208 are then provided on individual signal lines that comprise the signal bus 
224 that is connected with an analog-to-digital converter 228. The digitized output from the 
analog-to-digital converter is fed to a signal processor 232, which may comprise a known 
microprocessor circuit The signal processor, as desaibed in detail hereinafter, fimctions to 
determine the validity of the document passed in proximity to the drive coil 120 and a recdve coil 
124 from the data, if any, "reiad" from the magnetic metal regions 140 of the security thread 108. 
Finally, the signal ou^t from the signal processor 232 may be provided to, e g., a display device 
or a currenqr sorter 236 or other types of "host" systems. 

In operation, the frequency synthesizer 1 80 provides the two signals on the bus 
1 84 to the amplifier stage 188. These signals are AC signals, each at 40 kHz and are square wave 
signals. A first square wave signal has a leading phase shift angle of +120° with respect to the 40 
kHz in-phase signal provided by the frequency synthesizer 1 80 to the synchronous detector 204. 
The second square wave signal at 40 kHz provided to the amplifier stage 1 88 is at a lagging 
phase angle of -120*^ with respect to the 40 kHz in-phase si^ial provided by the qmtheazer 180 
to the synchronous detector 204. Although purely exemplary, the use of these two square-wave 
signals, UO*" out-of-phase, provides for reduced cost of components utilized within the electronic 
circuitry 128 without affecting performance. Since a normal square wave contains a plurality of 
components at the third harmonic frequency, the chance of undesirable stray coupling of such 
harmonics from the drive coil 120 to the receive coil 124 is eliminated by combining the two 
signals to obtain a pseudo square-wave signal applied to the drive coil 120 without any third 
harmonic content. 
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The 40 kHz square-wave signal is applied to the drive coil 120 to create an 
alternating current applied magnetic field that is highly uniform due to the physical construction 
of the drive coil 120, described hereinbefore with respect to exemplary embodiments of FIGS. 4- 
7. The frequency of the drive signals applied to the drive coil 120 is at an exemplary value of 40 
kHz. However, preferably, the frequency is m the range of between 500 hz and 500 kHz and, 
most preferably in the range of 10 kHz to 100 kHz. At lower frequencies, the signal amplitude is 
low, so available electronic agnal-to-noise content is one constraint of the frequency. The 
frequency must also be sufl&dently high such that each resolved magnetic metal region 140 of the 
security thread 108 is measured during at least a few cycles of the applied magnetic field. For 
example, for high-speed currency sorters utilized in banks, a typical feed speed of 10 meters per 
second dictates a frequenqr of at least 10 kHz, and preferably around 40-50 kHz.. On the other 
hand, as the drive frequency is increased, the apparent magnetic material coerdvity tends to 
increase for most materials, the apparent coerdvity should be suflfidently low that the magnetic 
material is driven into saturation by the applied magnetic field. Otherwise, the desired high 
degree of non-linearity in the response magnetic fidd will not occur. The coerdvity and drive 
magnetic fidds must be reasonably low in magnitude to mmntMn sufiSci^ distinction from 
common magnetic materials, such as house keys. In the preferred embodiment described herdn, 
the apparent coerdvity of the magnetic material regions 140 is between 500 and 750 amperes per 
meter, and the drive field amplitude is approximately 1000 amperes per meter. 

In operation, as the proflFered currency paper 104 with the security thread 108 
therein is passed in non-contacting proximity to the drive coil 120 and the recdve coil 124 
(preferably at a distance of less than ten (10) millimeters), the applied alternating current 
magnetic field at the frequmc^ of 40 kHz saturates the magnetic metal regions 140 of the security 
thread. These magnetic metal regions 140 then re-emit a response jmagnetic fidd that, because 
the regions 140 are saturated by the applied magiletic field, contains various fi*equency 
components. That is, the response inagnetic field generated by the magnetic metal regions 140 
contain a fiindammtal component at the fimdamental frequency of 40 kHz. The response 
magnetic field also contains various frequency components at harmonics or multiples of the 
fimdamental frequency. The electronic circuitry 128 of the present inventiori is designed, in a 
preferred embodiment, to sense the third harmonic frequency (i.e., 120 kHz) of tiie fimdamental 
frequency of 40 kHz. The third harmonic represents a relatively low order harmonic and it is 
preferred since lower-order harmonics usually generate more signal energy then do higher-order 
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hannonics. Also, odd numbered hannonics are preferred as they are preferentially generated over 
even numbered hannonics in the absence of any significant direct current (DC) magnetic field. 
However, it should be understood that any harmonic may be utilized in a device 100 similar to 
that of the present invention. However, utilizing the third harmonic, as in the preferred 
embodiment described herein, provides for a significant signal-to-noise advantage over usage of 
relatively higher-order harmonics: 

The various fi-equency components of the response magnetic field generated by 
the magnetic metal regions 140 of the security thread 108 are detected by the recdve coil 124 
and are ultimately provided to the synchronous detector stage 204. The amplitude or magmtude 
of each of the four previously described signals are demodulated by the synchronous detector and 
digitized l)y the analog-to-digital converter 228 and provided to the signal processor 232. These 
four signals consist of the in-phase and quadrature signals at the fimdamental fi-equency of 40 
kHz, together with the in-phase and quadrature signals at the tMrd harmonic fi-equency of 120 
kHz. The signal processor fimctions to determine, in accordance with one aspect of the device 
100 of the present invention, the type of magnetic material 1 16 comprising the magnetic material 
regions 140 of the security thread 108. In an exemplary embodiment, the signal processor 232 
detOTnines the type of magnetic material regions 140 by comparing the amplitude of the third 
harmonic signal of the fimdamental firequency to a certain threshold level stored in memory 
associated with the signal processor 232. The amplitude of the in-phase component of the third 
harmonic signal of the fimdamental frequency indicates a valid magnetic material 1 1 6 utilized in 
the magnetic metal regions 140 when the amplitude of that signal is above a certain threshold, 
which is a known value that corresponds to the type of magnetic material 1 16. This ensures that 
a highly non-linear magnetic material 1 16 is present on the security thread 108. 

The second component of the test comprises a comparison of the amplitude of the 
in-phase fimdamental frequmcy component to a predetermined threshold. Again, the threshold is 
known and unique to the type of magnetic material 116 utilized. A valid condition exists when 
the amplitude of that fimdamental frequency component is below a certain threshold level. This 
test insures that no ©ccessive amount of magnetic material is present on the surface of the 
security thread m an attempt to forge the non-linearity characteristic in a counterfeit currency 
paper 104. A third test carried out by the signal processor 232 is a comparison of the ratio of the 
amplitudes of the in-phase third harmonic component with the amplitude of the in-phase 
fimdamental frequency to a range of values stored in the memory associated with the signal 
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processor 232. This test insures that the appropriate degree of non-linear to linear behavior is 
present. Most common magnetic materials utilized by counterfeiters will have a very low level 
ratio under this third test. On the other hand, genuine "soft" magnetic material 1 1 6 utilized for 
the magnetic metal regions 140 of the security thread 108 will generate a higher level ratio under 
this test.. The ratio is typically decided by trial and error using specific measuring equipment and 
depends on the specific magnetic materials used and their amount and configuration: 

The agnal processor may then indicate the results of these tests by providing the 
appropriate information to the display or bill sorter 236. As a fiirther test of the validity of the 
type of magnetic material 116 utilized in the magnetic metal regions 140 of ihe security thread 
108, a device 1 00 of the present invention may utilize the amplitude of the quadrature signal 
components of either the fimdamental fi'equehcy component or the third harmonic component to 
estimate the magnetic coercivity of the material 1 1 6, Specifically, the signal processor 232 may 
take the arctangent of the ratio of the amplitude of the quadrature component to the in-phase 
component at either the fimdamental fi'equency or the third harmonic firequen^. The resulting 
computed vahte for the arctangent of that ratio can be compared to ocpected values for various 
types of magnetic materials 1 16. A low coercivity magnetic material will have a relatively low 
amoimt of phase shift as mdicated by the quadrature component. On the oth^ hand, a high 
coercivity magnetic mat^ial 1 16 will have a relatively high phase shift as indicated by the 
quadrature component. In a similar manner, the results of this comparison may be provided by 
the signal processor 232 to the display or bill sorter 236, or any other type of device to indicate a 
"pass/fail" condition of the proffered currency paper 104. 

Besides verifying the validity of the proffered currency pajper 1 04 by verifying the 
type of magnetic mat^ial 116 utilized as the magnetic metal regions 140 of the security thread, 
the device 100 of the present invention can also determine a characteristic of the document 104. 
For example, if the document 1 04 is a currency or bankaote paper, the denommation of the 
currency paper may be determined in an attempt to distinguish between different types of 
documents withm a gmeral class of documents. The device 100 of the present invention is 
operable to distinguish between these types of documents by sensing the spatial distribution of the 
magnetic material 1 16 of the security thread 108. This is accomplished, in part, through the 
usage of a drive coil 120 and a receive coil 124 that provide for relatively strong and highly 
uniform applied magnetic fields. Also, the receive coil 124, because of its physical dimensions, 
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can sense the response magnetic field firom the magnetic metal regions 140 in a highly localized 
pattern. 

As described in detail hereinbefore with respect to FIGS. 4-7, the receive coil 124 
has a distance between the two parallel wires of the coil that is smaller than the length of the 
smallest magnetic metal region 140 on the security thread. For use with a security thread with 
generally rectangular magnetic metal regions 140 (as in ¥1G. 1), h is preferred that the drive 
magnetic fidd be applied as much as possible in a perpendicular direction to the height dimension 
of the indicia 136 of the thread. In this way, the magnetic drive field is applied to each magnetic 
metal region 140 in a quasi-independent manner. This yields a more easily separable, high- 
contrast pattern "signature" in the resulting signals processed by the signal processor 232. I^ 
instead, the applied magnetic field runs paralid to the lei^ of the security thread, then the 
applied magnetic fidd covers more than one magnetic metal region, providing for magnetic fidd 
coupling between the regions 140. This causes a "Muning" of the signal pattern to some extent 
Thus, as described hereinbefore, the applied magnetic fidd is at a 45 • angle, which results in 
intoTogation of one r^on 140 at a tine, but also allows the applied magnetic fidd to ran 
partially perpendicular to the regions 140. 

Therefore, as an alteniative to the 45" anangement ilhistrat«J in FIG. 4, the drive 
coil 120 and recdve coil 124 arrangement may be orientated with respect to the currency paper 
104 such that the Avide edge 1 68 of the paper is the leading edge in the direction of scannmg of 
the paper with respect to the coils 120, 124. In that situation, the long dimension of the coils 
120, 124 are both oriented perpendicular with respect to the long dimension of the thread 108. 

R^ardless of the drive coil 120 and recdve coil 124 configuration utilized, the 
device 100 of the present invention operates to sense the denomination of the currency paper 104 
by sensing the type of magnetic materid 1 1 6 utilized within each region 140 of the security thread 
108. The signd processor 232 nKqr then utilize the data collected for each magnetic metd re^on 
140 in a number of different ways to determme the draomination of the curreacy paper 1 04. For 
example, the signal processor 232 may take tiie time-average of some or all of tiie data associated 
widi each magnetic metal region. This data for each region may be tiiat described hereinbefore 
that is detennined by the three-part test to determme the type of magnetic materid 116 present in 
the region 140. In the dtemative, the signd processor 232 may look at the peaks in the 
amplitudes of the demodulated signals and use that data in a determination of the denommation. 
A third dtemative would be that the first occurrence of a fixed amoupt of data above a certdn 
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threshold level may be utilized. Once denomination has been determined, by whatever method 
chosen, this denomination may serve as an indication also of the validity of the currency paper 
104. . 

In another preferred embodiment, a spatial pattern matching technique is utilized 
by the signal processor 232 to determine the denomination of the proffered currency paper 104. 
The method utilized by the signal processor 232 is to compare the resulting data (Le., the 
demodulated in-phase and quadrature signals for both the fundamental and/or the thh-d harmomc 
component) with stored signal "templates". It is also possible to combine the two (i.e., the in- 
phase and quadrature components) to obtain an overall amplitude at each frequency used in the 
comparison. These templates represent an expected signal corresponding to an appropriate 
. portion^to each of various possible denomination patterns within a group of security papers 1 04, - 
If the denomination pattern repeats several times within a single proffered currency paper, then 
the template may be for a single repeat cycle, or even for any number of repeat cycles. To aid in 
distinguishing between templates, each template has two associated numbers (i.e., the template 
threshold and template normalization factor) which is chosen by a process of trial and error. 

The signal processor 232 may accomplish denomination determination utilizing a 
process implemented in software. Initially, the ^gnal processor may extract a subset of the 
detected signal for the same pl^sical length of the pattern of magaetic material on the security 
thread as represented by the template. That is, the length of the pattern is determined from a 
fixed time length given a known, fixed velocity of the currency paper passing in proximity to the 
drive and receive coils 120, 124. Instead, if the currency paper velocity is not fixed (e.g., the 
currency paper is "hand-swiped" with respect to the coils 120, 124), then a velocity measurement 
and velocity compensation via linearization are required, for example, from interruption of the 
edge of the currency paper is detennined by one or more optical sensors (not shown). 

The extracted signal subsetis then scaled by the signal processor 232 so that its 
average amplitude matches that of the template: The template is then substrated from the scaled 
extracted signal substrate, and the squares of the resulting waveform values are summed and 
divided by the number of points to obtain an error "score" for this extracted subset against the 
template. A smaller error score indicates a closer match. The signal processor 232 then obtains a 
similar error score for every possible subset of the detected signal against each of the templates, 
and retains only the minimum error score achieved for each template (i.e., the "template error 
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scores"). This process of testing eveiy possible set can be regarded as sliding the template along 
the fiill length of the measured signal to look for a match. 

The signal processor then subtracts each of the template error scores from the 
appropriate template threshold and scales the result by the template normalization factor. If none 
5 of the resulting scores is greater than zero, no match is reported. Otherwise, a match is reported 
for the template against which the signal achieved the largest score. To further increase the level 
of discrimination or ability of the signal processor 232 to distinguish between various 
denominations of the currency, several (e.g., 3) templates of different lengths can be used for 
each denomination. The average template score for the three templates is used in selecting the 
10 final matched denomination. The three templates differ, for example, in that they represent 
qiatially^hifted dements of the pattern. Alternately, they can represent degrees of physical 
stretch of the pattern feature. Choice ofthe set oftemplates depends on the anticipated types of 
in-use or in-manufacture distortion ofthe physical pattern on the feature. 

It should be understood by those skilled in the art that obvious modifications can 
IS be made without departing firom the spirit of the invention. Accordingly, reference should be 

made primarily to the accompanying claims, ratiier than the foregoing specification, to determine, 
the scope of the invention. 

Having thus described the invention, what is clai^ 
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. CLAIM S 

1 . A device for verifying the authenticity of a document having a security 
thread associated therewith, the security thread including one or more regions of magnetic 
material, each region of magnetic material having one or more predetermined magnetic 
characteristics including a coerdvity of no greater than 5000 amperes per meter and a relative 
penneability of between 200 and 10,000, the device comprising: 

a. drive means for providing an applied magnetic field as an 
alternating current magnetic field at a predetermined fimdamental fi-equency within a 
predetermined spatial region through which the document is passed, the drive means 
comprises means for providing the applied magnetic field to saturate at least one of the 
one or more regions, of magnetic iQatj^rial;^. 

receive means for sensing a response magnetic field within the 
predetermined spatial region through which the document is passed at a distance of no 
greater than ten millimeters fi-om a magnetic field sensing portion of the receive means, 
and for providing one or more sensed signals indicative of a corresponding one or more 
characteristics of the response magnetic field; and 

c. signal processing means, responsive to the sensed signals for 
determining at least one of the one or more predetermined magnetic diaracteristics of 
each region of magnetic material to verify the authentidty of the document 

2. The device of Claun 1, wherein the one or more predetermined magnetic 
characteristics of at least one of the one or more regions of magnetic material includes a type of 
the magnetic material. 

3 . The device of Claim 2, wherdn the response magnetic field is an 
alternating current magnetic field, and wherein in the presence of the security thread within tiie 
predetermined spatial region the response magnetic field is at the predetermined fimdamental 
frecjuency of the applied magnetic field and at one or more harmonic fif^equendes of the 
predetermined fimdamental fi'equency. 

4. The device of Claim 3, wherein the one or more sensed signals are 
indicative of the predetermined fimdamental fi-equency and the one or more harmonic frequencies 
of the predetermined fimdamental frequency, and wherein the signal processing means comprises 
means for determining the type of magnetic material in response to the one or more sensed 
signals. 
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5. The device of Qaim 4, wherein the signal processing means comprises 
means for determining the type of magnetic material by comparing the sensed signal indicative of 
the third harmonic frequency to a first predetermined threshold, by comparing the sensed signal 
indicative of the fundamental frequency to a second predetermined threshold, and by comparing 
the ratio of the sensed signal indicative of the third harmonic frequency and sensed signal 
indicative of the fimdamental frequency to a predetermined range of values therefore. 

6. The device of Claim 3, wherein the receive means comprises means for 
providing at least one of the sensed signals as an actual phase signal indicative of a phase of the 
response magnetic field with respect to the applied magnetic field at the predetermined 
fimdamental frequency. 

7. The device ofClaim 6, wherein the signal-processing means comprises 
means for determining the type of magnetic material by comparing the actual phase signal to a 
reference phase signal, wherein the actual phase ^gnal is indicative of a magnetic coerdvity of the 
magnetic material and wherein the reference signal is indicative of an rapected value of the 
magnetic coercivity of the magnetic material. 

8. The device of Claim 1, wherein the receive means con^rises means for 
providing, for each one of the one or more r^ons of magnetic material, at least one of the one 
or more seised signals, the signal processing means comprising means, responsive to the sensed 
signals for determining a characteristic of the document therefrom to determme the authenticity 
of the document 

9. The device ofClahn 8, wherein the charaaeristic of the docimient is a 
denomination of the document. 

10. The device of Claim 9, wherein the signal processing means comprises 
means for determining the draomination of the document by comparing the sensed ^gnals to one 
or more stored signals indicative of a desbed daiomination of the document. 

11. The device of Claim 2, wherein the predetermined fimdamental frequency 
is in a frequency range of between 500 hertz and 500 kilohertz. 

12. The device of Claim 1 , wherein the drive means comprises a first wire coil, 
and wherein the receive means comprises a second wire coil. 

13. The device of Claim 12, wherein the second wire coil has a width that is 
less than a length of any one of the one pr more regions of magnetic material of the security 
thread. 
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14. The device of Claim 1 2, wherein the first wire coil and the second wire coil 
are both spatially positioned on one side of the document. 

15. The device of Claim 12, wherein the first wire coil and the second wire coil 
are both spatially positioned on both sides of the document. 

16. The device of Claim 12, wherem the first wire coil is wound on a core. 

17. The device ofClaun 16, wherein the core is a feniteniaterial. 

18. The device of Claim 12, wherein the first wire coil and the second wire coil 
are spatially positioned on opposite sides of the document 



. -25. • 

SUBSTITUTE SHEET (RULE 26) 



PCT/US96/069S3 

1/5 




FIG, 3 



wo 96/36873 



PCT/US96/06953 



2/5 





FIG. 7 



wo 96/36873 



3/5 



PCTAJS96y069S3 



O 
(O 




o 



r "1 ^ r^-i 

CM I 



A I 
> 
I 



/ 



r 



L J 



u J 



CO 
lO 



1" 



L J 



wo 96/36873 



4/5 



PCTAJS9d/06953 



> 


_j 


r 


:iVE 


_j 


•DRI 


CO 


<N 


RECE 


CO 




<; =J LU 

;r CQ I— 
a. cr 

i£?Q: o 

Q O 




00 



wo 96/36873 



5/5 



PCT/US96^9S3 



204 




FIG. 9 



INTERNATIONAL SEARCH REPORT 



Ihtemational apislication No. 
PCT/US96/06953 



A. CLASSinCATION OF SUBJECT MATTER 
IPC(6) : COIN 27/72 
US CL :324/239 

According to International Patent Classification QPC) or to both national classification and IPC 



^ FIELDS SEARCHED 



Minimum doeumentaUon searched (classification system followed by classification symbols) 
U.S. : 324/239,240^41.242.243^3;194/318,319,320.213;234449,493;209/534 



Documentation searched other than minimum documentation to the extent that such documents are included In the fields searched 
none 



Electronic data base consulted during the intcniaUonal search (name of data base and. where practicable, seareh terms used) 



none 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



US,AA536,709 (ISHIDA) 20 AUGUST 1985. coL 2, lines 1 
36 



US,A,5,175,419 (YAMASHITA) 29 DECEMBER 1992 

see Abstract 



1,2 and iB-12 
3-7 and 13-18 
3-7 and 13-18 



I Further documents are fisted in the continuation of Box C. Q 



See patent family annex. 



SpeeadMtefOfkiofcited 



•A" 
•E" 



•r 



oriicr dnnimmt imhliihnrf on or >fti>r tho tt^tf ^ fiih. ^ 4^^^ *X* 

^^^J^J^y^ doubt, on priDrity chimt^) or wbieb k 
cited 10 dtabluh the pubbcitioa liate of aikother dfelioo or olfaer 
ipecttlfCMOD(Mepecified) T* 



htcr docimimtpiiblMhed after the mtemiiinreil filing dele or prioriy . 
date eiid BOK eooflkt with tbe oppifetfjoa Iwtciled to 1^ 
priodple or tfaeoiy imder^ias the nveotioB 



doeumcat of ptfticubr lelcmoe: tfie duned mvenliao cunot be 
oonridcred novel or ouaotbe ooneiderBd to involve ea javentiveitqi 
when the document it taken alone 



t refemng to an onl diadoauiv, oe, exhibition or other 

document publiahed prior to the intiiiMiiftiMl fil*m« lUte hin . . , 

*epnon^^ claimed lumg owe owiaieriDan 4- docinnent member of die aame patent family 



document of paiticular relevance; die claimed faivention camiot be 
coiuidered to involve an mventive atcp i^ies die doctuneot ia 
c o m h i nr d with one or more otlier iuch documcalB« iucfa combination 
being obvioui to a peiaon akiiled b the art 



Date of the actual completion of the international search 
OS SEPTEMBER 1996 



Date of mailing of the international search report 



04 nriT iagR 



Name and mailmg address of the ISA/US 
Commissioner of Paiems aod Tiadcmaiks 
Box Per 

Washington, D.C. 20231 
Facsimile No. (703) 305-323Q 



Authorized officer - 

^4 WALTER E. SNOW ^ / 
Telephone No. 703>305«4911 



Form PCT/ISA/210 (second sheel)(July 1992)* 



